Emergence of nalidixic acid-resistant Salmonella enterica serovar Typhi resistant to ciprofloxacin in India
Fluoroquinolones have good in vitro and clinical activity against isolates of Salmonella spp. and are often the treatment of choice in cases of life-threatening salmonellosis due to multi-drug resistant strains (Miller et al., 1995) . The literature includes a few reports of fluoroquinolone-resistant salmonella strains in humans (Chiu et al., 2002; Marimon et al., 2004; Mehta et al., 2001) . In recent years, several treatment failures with fluoroquinolones have also been reported, due to decreased susceptibility to ciprofloxacin (Asna et al., 2003; . Isolates with decreased susceptibility to ciprofloxacin appear susceptible with routine disc diffusion tests (Asna et al., 2003; Le Lostec et al., 1997) . Routine application of these tests for each strain is not convenient, and the literature suggests that resistance to nalidixic acid may be an indicator of decreased susceptibility to ciprofloxacin (Asna et al., 2003; Hakanen et al., 1999; Kapil & Das, 2002; .
AIDS has become a worldwide epidemic and a multitude of opportunistic infections have been documented in virtually every organ system of patients afflicted with the condition, due to defective cellular and humoral immune responses. The gastrointestinal tract is a major target for pathogens in HIV infection. Salmonella enterica serovar Typhi (S. Typhi) is endemic in India. Until the mid-1980s, ampicillin, chloramphenicol or co-trimoxazole was the standard treatment for typhoid fever (Asna & Haq, 2000) . Since then ciprofloxacin or third generation cephalosporins, namely ceftriaxone, have become the first line of treatment for typhoid fever. Nalidixic acid-resistant S. Typhi (NARST) with decreased susceptibility to ciprofloxacin has already been reported from India (Jesudason et al., 1996) , Vietnam (Wain et al., 1997) , Tajikistan (Murdoch et al., 1998) and the UK (Threlfall et al., 1999 ). However, NARST resistant to ciprofloxacin have not been reported until now. We describe the isolation of five clinical strains of S. Typhi from HIV-infected patients that were also resistant to ciprofloxacin, another quinolone derivative.
During our search for Campylobacter spp. in the stool specimens of 200 HIV-infected patients and 200 HIV-negative control cases with diarrhoea, we inadvertently encountered five S. Typhi isolates that were concurrently resistant to nalidixic acid (30 mg) and ciprofloxacin (5 mg) by the conventional Kirby-Bauer disc diffusion method. Among nine isolates from control patients, only two were sensitive to nalidixic acid and seven were resistant. Further, among these seven NARST, four were resistant to ciprofloxacin. A total of 12 NARST isolates were encountered of which 9 were concurrently resistant to ciprofloxacin. This is an indication of the emergence of NARST that are resistant to ciprofloxacin. All the five isolates from HIV patients were also resistant to erythromycin, cephalothin, ceftriaxone, augmentin, gentamicin and JMM Correspondence Table 1 . Profile of antibiotic resistance of S. Typhi in HIV-positive (n=200) and -negative (n=200) subjects Nalidixic acid  5  7  -2  Ceftriaxone  5  6  -3  Chloramphenicol  3  6  2  3  Cefataxime  -6  5  3  Augmentin  5  6  -3  Gentamicin  5  6  -3  Co-trimoxazole  2  4  3  5  Cefuraxine  3  8  2  1  Doxycycline  5  5  -4  Amikacin  3  6  2  3 doxycyclin (Table 1) . Chloramphenicol resistance was prominent among six of the isolates from HIV-negative subjects and three from HIV-positive subjects. Asna et al. (2003) reported that decreased susceptibility to ciprofloxacin among strains of S. Typhi could not be detected by the disc diffusion method; their isolates were fully susceptible to 5 mg ciprofloxacin (zone of inhibition >21 mm), but were resistant to 30 mg nalidixic acid. Nalidixic acid resistance determined by the disc diffusion method may be an indication of decreased susceptibility to ciprofloxacin. Extensive usage of fluoroquinolone derivatives in HIV patients may predispose to the emergence of NARST resistant to ciprofloxacin. However, the emergence of NARST in HIV-negative individuals with typhoid fever necessitates immediate attention to alternative treatment regimens. We recommend that laboratories should also test all S. Typhi strains with a nalidixic acid disc to detect resistant strains as treatment failure might occur in cases of typhoid fever with strains of S. Typhi that are resistant to nalidixic acid and may be resistant to ciprofloxacin. Alternative treatment strategies must be adopted to prevent the emergence of NARST resistant to ciprofloxacin. 
